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CALIBRATION  OF  THE  J15-9  AT  THE  NRL-USRD  LEESBURG 
FACIUTY  AND  AT  THE  NUSC  SENECA  LAKE  FACILITY 


INTRODUCTION 

The  NRL-USRD  J15-9  projector  (Fig.  1)  Is  an  array  of  three  USRD 
type  J15-3  low-audio  frequency  (20  to  400  Hz)  transducers  (Fig.  2) 

[1].  This  array  was  developed  to  meet  many  requirements  for  a low- 
frequency  sound  source.  Figure  3 shows  the  transmitting  current  re- 
sponse (TCR)  as  calibrated  at  the  USRD  Leesburg  Facility  at  a tempera- 
ture of  22*C  and  at  a depth  of  14.4  m.  The  TCR  for  one  J15-3  of  the 
array  Is  shown  as  curve  A,  for  the  3-modular  array  connected  In  series 
as  curve  B,  and  for  the  maximum  source  level  attainable  from  the  JlS-9 
as  curve  C.  The  array  Is  capable  of  reproducing  nine  different  fre- 
quencies simultaneously  at  an  output  comparable  to  the  maximum  cw 
output  of  each  single  driver  assembly  and  will  operate  to  a depth  of 
180  m with  no  external  air  supply.  Other  sources  which  coaq>are  to  the 
J13-9  are  usually  larger  In  size  and  weight  and  their  operational  band- 
widths  are  not  as  wide. 

While  the  J15-3  transducer  In  the  array  Is  a well-tested  standard 
cw  source  [2],  the  J15-9  has  been  subjected  to  a minimum  of  testing. 

It  was  known  from  previous  calibrations  of  the  JlS-3  transducer  that 
the  J13-9  source  response  would  change  with  operating  depth  and  de- 
creasing water  temperature,  but  the  extent  of  the  changes  could  be 
determined  only  by  calibrating  it  under  specific  environmental  condi- 
tions. NUSC’s  Seneca  Lake  Facility  offered  these  environments — the 
temperature  of  the  lake  In  December  Is  4.4*C  with  no  thermocllne,  and 
calibration  depths  of  132  m are  available. 


DISCUSSION 

Each  driving  clement  of  the  JlS-9  array  is  an  electrodynamically 
driven  piston  10  cm  In  diameter  and  is  identical  to  the  driver  assembly 
for  the  USRD  J13  transducer  (Fig.  4)  [3].  The  rigid  piston  is  driven 
by  a force  produced  by  a moving  coll  in  a magnetic  field.  The  one 
place  piston  and  coll  form  carries  212  turns  of  A.W.G.  #30  copper  wire, 
and  the  piston  Is  suspended  from  a convoluted  neoprene  circumferential 
seal.  The  development  of  this  seal,  and  the  Type  W Neoprene  material 
it  is  made  of,  has  been  an  Important  factor  in  the  success  of  the  driver 
assembly.  This  seal  serves  as  tj^e  restoring  force  for  the  piston  and 

Note:  Manuaeript  Mbmitted  Oetobar  87,  1977. 
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must  withstand  the  heated  oil  which  fills  the  transducer.  The  piston 
is  centered  in  the  gap  of  the  magnet  by  a center  guide  pin  and  Teflon 
bushing  assembly;  front  and  rear  mechanical  stops  prevent  the  piston 
from  exceeding  its  maximum  allowable  displacement.  The  magnetic  flux 
in  the  gap  provided  for  the  coll  is  produced  by  a 3.6-kg  ALNICO  V-7 
magnet  with  the  magnetic  path  formed  by  three  copper-plated  magnet 
iron  pole  pieces.  The  magnet  gap  and  front  cavity  are  filled  with 
castor  oil,  which  acts  as  a coupling  medium  to  the  water  through  a 
neoprene  acoustic  window  which  also  provides  a watertight  seal  for  the 
oil-filled  cavity.  The  maximum  acoustic  output  of  the  single  driver 
element  is  limited  by  the  maximum  allowable  electrical  input  to  the 
coll  at  the  higher  frequencies  and  the  maximum  allowable  displacement 
of  the  piston  at  low  frequencies.  Above  the  frequency  at  which  the 
output  is  limited  by  piston  displacement,  Che  maximum  power  input  is 
determined  by  the  rate  at  which  heat  generated  in  Che  driving  coll 
can  be  dissipated,  which  was  determined  to  be  a nominal  250  watts  at 
a driving  current  of  3A.  Several  methods  for  faster  dissipation  of 
the  heat  are  being  tested — one  is  exposing  the  piston  cone  directly 
to  the  water.  An  experimental  model  utilizing  the  exposed  cone  tech- 
nique is  now  under  test  at  the  USRD's  Leesburg  Facility.  If  this 
method  proves  successful,  Che  driving  level  can  be  increased  to  5 A 
at  frequencies  above  100  Hz.  The  maximum  piston  peak-co-peak  dis- 
placement of  the  present  design  is  12  mm  which  limits  the  output  at 
frequencies  below  100  Hz. 

A single  J15-3  transducer  in  the  J15-9  is  made  up  of  3 of  the  elec- 
crodynamic  driver  elements.  Each  driver  can  be  connected  electrically 
in  series  or  parallel  at  the  top  end  of  the  6-conductor  electrical 
cable.  When  connected  in  series,  the  coils  of  all  three  pistons  are 
subjected  to  the  same  current;  therefore,  the  output  is  increased  by 
20  log  3,  or  9.3  dB.  With  this  arrangement  the  three  Individual  im- 
pedances will  add  together.  The  disadvantage  of  connecting  the  colls 
in  parallel  is  that  each  driver  assembly  could  be  subjected  to  differ- 
ent currents  if  the  Impedances  are  slightly  different;  therefore,  the 
outputs  will  be  unequal.  For  this  reason,  parallel  connection  is  not 
recommended.  Each  of  the  three  pistons  can  also  be  driven  individually 
with  different  frequencies  and  driving  levels,  allowing  several  fre- 
quencies to  be  produced  in  the  water  at  the  same  time.  Each  piston  can 
be  driven  simultaneously  at  two  frequencies  as  long  as  one  driving  fre- 
quency is  at  least  10  dB  lower  than  the  other.  That  is,  the  basic  J15-3 
can  apply  six  different  frequencies  to  a test  medium  simultaneously. 

The  J15-3  can  also  be  driven  with  noise,  as  long  as  a clipping  network 
is  used  to  keep  the  voltage  spikes  from  exceeding  the  maximum  input 
levels.  The  transducer  is  pressure  compensated  to  a depth  of  240  m by 
a self-contained,  passive-air-bag  system  (Fig.  2).  The  elastic  bag  is 
made  of  a butyl  rubber  compound  lAose  permeability  to  water  and  air  is 
very  low.  As  the  operating  depth  Increases,  the  bag  is  compressed  by 
the  water  pressure  which  increases  the  air  pressure  behind  the  piston 
to  compensate  for  the  higher  hydrostatic  pressure. 
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The  resonance  frequency  of  Che  driver  assembly  Increases  as  Che 
operaClng  depch  Is  increased  due  Co  Che  high  sclffness  of  Che  air 
behind  Che  diaphragm.  This  can  llmlc  Che  depCh  Co  which  Che  cransducer 
may  be  lowered  if  high  ouCpuC  is  required  ac  Che  lower  frequencies. 


CONSTRUCTION  OF  THE  ARRAY 

The  J15-9  array  consisCs  of  chree  J15-3  Cransducers  in  a verCical 
line  (Fig.  1).  The  line  array  framework  is  made  of  free-flooding  alu- 
minum Cubing  designed  Co  faciliCaCe  quick  assembly  or  removal  of  Che 
chree  J15-3  cransducers.  The  individual  frame  members  are  made  sym- 
mecrical  Co  simplify  assembly.  Mechanical  IsolaCion  of  each  J15-3  is 
provided  by  rubber  shock  mouncs  separacing  each  cransducer  from  Che 
framework  ac  Chree  mounClng  polncs.  The  verClcal  dlscance  becween 
each  cransducer  was  decermlned  by  mounCing  Chem  close  enough  CogeCher 
CO  keep  Che  overall  array  dimensions  small,  compared  Co  a wavelengCh, 
and  yec  far  enough  aparC  so  chac  Che  volume  veloclCy  of  each  J15-3 
would  noc  be  adversely  affecced. 

Eleccrical  conneccions  Co  Che  J15-9  consisC  of  chree  6-conduccor, 

MCOS-6  cables  each  Cermlnated  aC  a J15-3  by  a 6-pln  Marsh  Marine  under- 
waccr  conneccor.  The  maClng  6-pln  connecCors,  proCruding  from  each 
bulkhead,  eleccrlcally  connecC  Che  wires  Co  each  of  Che  driving  assembly 
coils  (Fig.  S). 

Various  driving  conflguraClons  can  be  achieved  ac  Che  surface,  wlch- 
ouc  removing  Che  J15-9  from  che  wacer.  Each  diaphragm  can  be  driven  aC 
a differenc  frequency  wich  a maximum  oucpuC  comparable  Co  a J13  assembly 
for  a cocal  of  nine  frequencies  in  Che  wacer  aC  one  cime.  A combinaclon 
of  chree  modules,  each  connecced  in  series,  gives  chree  frequencies  in 
Che  wacer  aC  Che  same  cime  wich  a maximum  ouCpuC  of  a J15-3  cransducer. 

All  nine  modules  connecCed  in  series  in  che  conf iguraCion  shown  in  Fig. 

5 yield  che  maximum  ouCpuC  of  che  J15-9.  If  any  individual  clemenc 

fails,  ic  can  be  dlsconnecccd  from  Che  circuic  and  che  CesC  will  noC  be 

incerrupced.  The  modular  conscruccion  of  boch  che  J15-9  and  Che  J15-3 

permlcs  Che  replacemanc  of  an  enClrc  J15-3  Cransducer  or  che  replaccmenc  | 

of  any  individual  driver  elemenc.  I 

TEST  PROCEDURE  | 

The  JlS-9  was  callbracad  ac  Che  USRD  Leesburg  Facilicy  and  ac  che  f 

NUSC  Sancca  Lake  FaclliCy.  In  order  Co  escablish  soma  cricaria  for  I 

con^arison  of  daca  from  cha  cwo  facilicies,  a moniCor  hydrophone  was  1 

mouncad  on  cha  J15-9  (Fig.  6)  and  a case  dapch  comsnn  Co  boch  facillcias  a 

was  ascablishad.  The  monicor  hydrophone  was  a USRO  cypa  F37.  ic  was  fl 

arbicrarily  Isouncad  73  cm  from  Cha  acouscic  cancer  of  Cha  JlS-9  and  ■ 

suspended  by  bungy  cord  for  acouscic  isolacion.  Calibracion  curves  ■ 
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from  both  the  Leesburg  Facility  and  the  Lake  Seneca  Facility  show  com- 
parison of  the  F37  mounted  to  the  J15-9  to  a standard  hydrophone  in  the 
far  field.  This  calibration  information  with  the  F37  mounted  to  Che 
projector  is  necessary  if  the  JlS-9  is  used  at  sea  in  measurements 
where  a monitor  phone  is  required.  This  distance  correction  20  log 
73/100  which  corrects  Che  ICR  to  1 m has  been  applied  to  all  calibration 
curves. 

A test  depth  common  to  both  the  Leesburg  Facility  and  the  Seneca  • 
Lake  Facility  is  14.4  m;  however,  due  to  rigging  problems,  Seneca  Lake 
measurements  were  made  at  18.3  m.  At  this  shallow  depth,  4 m does  not 
present  a noticeable  change  in  response  of  the  JlS-9. 


CALIBRATION  DATA 

Figure  7 shows  Che  TCR  of  Che  JlS-9  at  1 m taken  at  Che  USRD 
Leesburg  Facility  with  Che  calibration  depth  at  14.4  and  the  water 
temperature  at  22"C.  Curve  A is  the  TCR  from  a USRD  standard  hydro- 
phone in  Che  far  field.  Curve  B is  the  TCR  from  a type  F37  mounted  to 
Che  JlS-9  and  acoustically  isolated  from  the  projector.  The  fact  Chat 
curve  B is  lower  and  'does  not  coincide  with  curve  A clearly  indicates 
Chat  Che  F37  mounted  to  Che  J13-9  is  not  in  the  far  field.  An  average 
correction  of  from  2 dB  to  3 dB,  depending  on  Che  frequency.  Is  neces- 
sary if  this  monitor  hydrophone  arrangement  is  used  on  Che  at-sea  tests 
of  the  J13-9  as  a true  measure  of  Che  source  level.  However,  it  does 
provide  a reference  for  any  changes  in  sound  pressure  during  the  measure 
menC.  The  resonance  in  curve  B at  28  Hz  is  caused  by  Che  isolation  mate 
rial  which  Isolates  and  mounts  Che  monitoring  transducer. 

Figure  8 shows  the  TCR  of  Che  J15-9  at  1 m at  the  Seneca  Lake 
Facility.  The  calibration  depth  is  18.3  m and  the  water  temperature 
is  4.4*C.  Except  for  temperature  this  calibration  simulates  the  Lees- 
burg calibration  shown  in  Fig.  6.  The  amplitude  of  the  resonance  at 
28  Hz  has  increased  due  to  the  decrease  in  the  effectiveness  of  the 
isolating  material  at  4.4”C. 

Figure  9 shows  Che  TCR  of  the  J15-9  at  1 m comparing  the  Leesburg 
Facility  TCR  (curve  B of  Fig.  7)  to  Seneca  Lake  TCR  (curve  B of  Fig.  8). 
This  figure  presents  two  parameters  which  were  the  same  when  measure- 
ments were  made  at  the  Leesburg  and  Seneca  Lake  Facilities — essentially 
Che  same  hydrostatic  pressure  and  the  same  monitor  hydrophone.  The 
parameter  that  was  different  was  the  water  temperature. 

Figure  10  shows  Che  TCR  of  the  J15-9  at  1 m when  at  the  Seneca 
Lake  Facility.  The  calibration  depth  is  61  m and  the  water  temperature 
is  4.4*C.  A decrease  in  output  is  observed  due  to  an  increase  in  hydro- 
static pressure.  The  decrease  varies  with  frequency  but  is  more  pro- 
nounced below  100  Hz.  A comparison  of  the  TCR's  with  varying  depths 
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vs.  constant  temperature  is  shovm  in  Fig.  13.  Curve  C is  plotted  from 
data  taken  polnt-by-point . Since  surface  and  bottom  reflections  pre- 
sented a problem  in  the  far  field,  the  F37  mounted  to  the  J15-9  was 
used  as  the  receiver.  The  J15-9  was  driven  with  750  MA  at  1000  Hz  for 
3 minutes  in  order  to  raise  the  temperature  of  tnc  projector  elements 
prior  to  taking  these  measurements. 

In  Fig.  11  the  maximum  output  response  is  shown  below  40  Hz  at 
61-m  depth  and  at  a water  temperature  of  4.4*C.  Curve  A shows  the  TCR. 
Since  the  driver  assemblies  are  displacement  limited  below  80  Hz,  curve 
B is  the  maximum  source  level  output  of  the  J15-9  with  the  current  re- 
duced to  less  than  1 A to  prevent  the  diaphragm  from  hitting  the  stops. 
The  F37  mounted  to  the  projector  was  used  to  monitor  the  output. 

Figure  12  shows  varying  drive  levels  at  a constant  depth  of  61  m 
and  at  a water  temperature  of  4.4*C.  Curve  A is  the  projector  output 
response  when  driving  the  projector  with  1 A,  curve  B when  driving  with 
1.8  A,  and  curve  C when  driving  with  2.9  A.  Due  to  displacement  limita- 
tions of  the  J13-9  module  pistons  at  the  lower  frequencies,  curve  C 
measurement  was  stopped  at  80  Hz.  At  this  temperature  and  depth  the 
source  level  is  lower  than  that  normally  measured  at  a depth  of  14  to 
16  m and  a water  temperature  of  22 "C.  There  are  some  inconsistencies 
in  this  data  which  could  be  resolved  only  by  making  additional  measure- 
ments at  the  Seneca  Lake  Facility. 

Figure  13  shows  the  TCR  at  76.2-m  depth  and  the  water  temperature 
at  4.4”C.  A further  decrease  in  the  output  response  is  observed  as  a 
result  of  Increase  in  hydrostatic  pressure.  Curve  A is  shown  in  the 
family  of  curves  comparing  output  responses  with  varying  depths  at  a 
constant  temperature.  Data  for  curve  C were  measured  point-by-point 
and  were  taken  20  days  later  on  a different  calibration  barge  at 
Seneca  Lake.  Curves  A and  B were  not  available  for  comparison  when 
curve  C was  taken  because  the  author  had  carried  it  to  the  USRD.  The 
cause  of  the  3-dB  difference  has  not  been  determined. 

Figure  14  is  the  sound-pressure  level  at  1 m with  varying  drive 
levels  at  a constant  depth  of  114  m.  Curve  A is  with  1 A driving  the 
J15-9,  curve  B is  with  1.8  A driving,  and  curve  C is  with  3 A driving. 

The  measurement  hydrophone  was  a type  H56  mounted  in  the  far  field. 

Due  to  the  increase  in  hydrostatic  pressure  and  cold  water,  the  output 
levels  measured  are  lower.  Curve  D (from  Fig.  3 curve  C)  is  the  sound- 
pressure  level  measured  at  the  Leesburg  Facility  at  22*C  and  14.4-m  depth 
with  a driving  current  of  3A. 

Figure  15  shows  the  TCR  at  1 m with  varying  depths  at  a constant 
temperature  of  4.4*C.  Curve  A was  measured  at  18.3-m  depth,  curve  B at 
61  m,  and  curve  C at  114  m. 
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CONCLUSION 


A calibration  of  the  J15-3  to  depths  of  152  m at  sea  showed  less 
reduction  In  response  with  depth  above  150  Hz.  The  reduction  in  re- 
sponse with  depth  below  150  Hz  was  close  to  that  shown  in  the  Seneca 
Lake  calibration.  This  change  In  response  with  depth  should  be  similar 
for  the  J15-9.  It  is  possible  that  the  J15-9  was  not  fully  pressure 
compensated  during  the  calibration  at  Seneca  Lake  at  114-m  depth  due  to 
Insufficient  air  In  the  compensation  bags  at  4.4‘C. 

The  J15-9  projector  meets  and  exceeds  many  low-frequency  sound- 
source  requirements.  The  projector  will  provide  a source  level  of  189 
dB  re  1 uPa  from  50  to  400  Hz  In  warm  water,  will  operate  at  reduced 
levels  from  10  to  50  Hz,  will  operate  to  depths  of  150  m with  no  ex- 
ternal air  for  compensation,  can  put  as  many  as  18  signals  and  noise 
bands  into  the  water  at  one  time,  weighs  only  108  kg  in  water,  and  costs 
less  than  $50,000  to  construct.  The  projector's  present  design  allows 
the  TCR  to  be  affected  by  cold  water  and  hydrostatic  pressure.  However, 
with  improvements  being  planned,  such  as  a silicone  oil  or  polyalkylene 
gylcol  fluid  replacing  the  castor  oil  and  the  exposed  cone  design  to 
dissipate  heat  faster  and  thus  allow  higher  drive  levels,  these  defi- 
ciencies will  be  lessened. 
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Fig.  2 — USRD  J15-3  projector  exposing  the  compensation  bag 
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Fig.  3 — USRD  Leesburg  calibration  of  J15-9  projector 
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Fig.  4 — Single  driving  element  of  the  J15-9 
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Fig.  5 — Wiring  diagram  for  J15-9  in  series  connection 
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TCR,  Seneca  Lake  Facility,  18.3-ni  depth 
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TRANSMITTING  CURRENT  REPONSE 
Pressure  at  one  meter  per  ampere 

A - Receiver  is  H56  hydrophone  in  far  field 

8 - F37  transducer  mounted  to  the  J15-9 

C - F37  transducer  in  the  near  field  71  cm  dist. 

The  J15-9  was  driven  at  7S0  ma  at  1000  Hz  for 
5 minutes  prior  to  this  measurement. 
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Fig.  10  — TCR,  Seneca  Lake  Facility,  61-in  depth 
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Fig.  11  — TCR,  Seneca  Litke  Facility.  61-ni  depth,  7*40  Hz 
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Fig.  13  — TCR,  Seneca  Lake  Facility,  76.2>m  depth 
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Fig.  14  - SPL,  Seneca  Lake  Facility,  114-m  depth,  constant  depth 
and  temperature-varying  drive  levels 
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